Mercurated nucleoside triphosphates have been used for transcription of chicken oviduct chroraa€in with E.coli RNA polymerase. The newly synthesized RNA was purified from preexisting RNA by SH-agarose chromatography and analyzed for the content of specific raRNA sequences. The apparent preferential production of ovalbumin mRNA sequences was not inhibited by actinomycin D, although total RNA synthesis was reduced by more than 9O%. Furthermore, when globin mRNA alone, or added to oviduct chromatin, was incubated in the transcription assay, a significant fraction of this mRNA was retained on SH-agarose. The copurification of chromatin associated RNA with _iri vitro synthesized mercurated RNA was mainly due to a RNA-dependent synthesis of complementary sequences by the bacterial enzyme. Although denaturation of the transcripts prior to SH-agarose chromatography leads to a reduced contamination with endogenous ovalbumin specific RNA, we are unable to show that the messenger-specific RNA sequences purified with the newly mercurated RNA result from a DNA-dependent reaction.
INTRODUCTION
Much of the information concerning the mechanism by which eucaryotic genes are regulated has come from experiments in which isolated chromatin is transcribed _in vitro by exogenous bacterial RNA polymerase. From experiments with a variety of systems it has been concluded that some tissue specific transcription is retained in isolated chromatin (1) (2) (3) (4) (5) (6) (7) (8) (9) . The selectivity of transcription was analyzed by hybridization with radioactive DNA complementary to specific RNA sequences. However, hybridization to labeled DNA does not distinguish ±n vitro synthesized RNA from chroraatin-associated RNA. Mercurated ribonucleoside triphosphates as substrate for RNA polymerase have been introduced to allow the isolation of newly synthesized RNA by affinity chromatography on O Information Retrieval Limited 1 Falconberg Court London W1V5FG England sulfhydryl agarose (10, 11) . This method was thoughtto offer the possibility to analyze _in vitro transcripts free of endogenous RNA (12) (13) (14) (15) (16) .
When mercurated nucleotides were used for transcription of chicken oviduct chromatin with E.coli RNA polymerase, we found that the apparent production of ovalbumin specific RNA sequences was not inhibited by actinomycin D at concentrations in which the total RNA synthesis was lowered to 10%. This lack of inhibition is caused mainly by a DNA-independent activity of the bacterial RNA polymerase leading to copurification of endogenous RNA with in vitro synthesized RNA. In this report we show that RNA, which is transcribed by E.coli RNA polymerase into complementary sequences, can be retained by the affinity column in a duplex with the ±n vitro synthesized Hg-RNA. Thus we feel that the presence of endogenous RNA in chromatin is a major difficulty for the quantification of iri vitro synthesized specific RNA sequences even when mercurated nucleotides are used as an affinity label for the newly synthesized RNA. Experimental suggestions are given for overcoming some of the problems arising from the RNA-dependent activity of the bacterial RNA polymerase. During the preparation of this manuscript Zasloff and Felsenfeld (17) reported similar results from experiments with duck reticulocyte chromatin.
MATERIALS AND METHODS

Preparation of Chicken Oviduct Chromatin
Nuclei were prepared from laying hen oviduct tissue as described earlier (18) except that CaCl-was omitted and Mg ions raised to 5 mM in the cell lysis buffer. Isolated nuclei from 10 grams of oviduct tissue were resuspended in 2 5 ml of 5 mM MgCl_, 10 mM Tris-HCl, pH 8.0 and 0.3 M sucrose, repelleted at 15OO g and lysed in 50 ml of buffer A (1 mM Tris-HCl, pH 8.0, 0.1 mM EDTA, O.5 mM DTT) with 5-10 strokes in a teflon-glass homogenizer (10O0 rpm) . The chromatin was pelleted at 20O00g and homogenized into 1O ml of buffer A plus 12.5% glycerol by treatment in a teflon -glass homogenizer (19, 20) . After the indicated incubation time, 10 ml of 150 mM NaCl, 0.5% SDS, 50 mM Tris-HCl, pH 7.5 and 5 mM EDTA were added and the RNA extracted by the hot phenol method (22, 23) . The RNA was precipitated with 2 volumes of ethanol at -20°C, redissolved in 1 ml of 10 mM Tris-HCl, pH 7.5 and chromatographed on a Sephadex G-50 column (1 cm x 65cm) equilibrated in 10 mM Tris-HCl, pH 7.5 and 0.1 M NaCl. The peak fractions of the excluded material (approximately 60% of the originally incorporated radioactivity) were combined and the RNA ethanol precipitated and redissolved in 0.5 ml H 2 0.
RNA was also synthesized with E.coli RNA polymerase using globin mRNA as a template. Each 1 ml reaction volume contained 20 yg of RNA polymerase and 10 yg of chicken globin mRNA (purified from erythroblast polysomes by EDTA-detergent treatment and poly(U)-Sepharose chromatography as described previously, 24) in the same reaction mixture described for chromatin transcription.
The reaction was stopped after 1 h at 37°C with 0.5% SDS and the RNA was extracted with 1 ml of chloroform, chromatographed on SH-Agarose Chromatography of Hg-RNA The isolated RNA was chroraatographed on sulfhydryl aminoethyl agarose (prepared according to Cuatrecasas, 26) , 0.17 mval SH/ml packed gel (27) after (a) partial or (b) total denaturation. (a) Hg-RNA containing RNA samples were adjusted to 5 ml TN buffer (0.1 M NaCl, 10 mM Tris-HCl, pH 7.5) and 1 mM EDTA and 25% formamide, heated for 3 min to 65°C and diluted immediately to 10 ml with the same buffer. The RNA was applied to a 1 ml SH-agarose column at room temperature at a flow rate of 10 ml/h. The column was washed with 10 ml of application buffer, then successively with 30 ml of TN, 10 ml of 10 mM Tris-HCl, pH 7.5, 10 ml of TN containing 2 M NaCl plus 1 mM EDTA and 50 ml of TN at maximal flow rate. After the column was allowed to stand in the mercaptan solution for 15 min, the Hg-RNA was eluted with 5 ml of TN containing 0.2 M 6-mercaptoethanol. Following the addition of NaCl to 0.3 M and 10 yg/ml yeast RNA, the eluted RNA was precipitated by 2.5 volumes of ethanol. RNA not bound to SH-agarose (the first 15 ml flow through) was precipitated in the same manner. (b) The RNA samples were adjusted to 5 ml 10 mM Tris-HCl, pH 7.5, 1 mM EDTA and 50% formamide, heated for 3 min to 100°C, diluted immediately to 10 ml with 10 mM Tris-HCl, pH 7.5, 100 mM NaCl and chromatographed as described above.
Of the applied [ 3 H]UMP-labeled Hg-RNA synthesized with chromatin, between 30% and 40% bound to the SH-agarose column and was eluted with 0.2 M B-mercaptoethanol.
Determination of Specific RNA Content The ovalbumin RNA and the globin RNA content in both RNA samples from the SH-agarose chromatography was determined by cDNA excess hybridization (25, 28) . Specific cDNA probes were prepared by reverse-transcription of purified mRNAs as described (25) . Increasing amounts of RNA were hybridized to completion in 5 pg reactions containing excess amounts of specific cDNA (0.1 ng, 10ĉ pm/yg), as outlined previously (25) .
RNase A Digestion
The content of double-stranded RNA was determined by diges-tion with RNase A. Native or denatured RNA samples were adjusted to 1 ml containing 10 mM Mg-acetate, 0.5 M NaCl, 10 raM Tris-HCl, were retained on SH-agarose when purified unmercurated ovalbumin mRNA was applied to the column (29).
When oviduct chromatin was incubated with bacterial RNA polymerase (200 yg of enzyme per 500 pg of DNA) in the presence of 30% mercury substituted CTP, the SH-agarose bound RNA was found to contain an amount of ovalbumin specific RNA several 1OOO times higher than that caused by nonspecific adsorption (Table 1 , Iaandlla).
The appearance of ovalbumin specific RNA in the bound RNA fraction is dependent on the function of E.coli RNA polymerase.
If the enzyme is omitted or inhibited by rifampicin, a pronounced reduction of column-bound ovalbumin RNA is found ( Purified ovalbumin mRNA or globin mRNA added to the chromatin before incubation with the polymerase caused an increase of ovalburain specific RNA and globin specific RNA in the bound fraction (Table 1 , Ie and lid).
These findings suggested that endogenous RNA contaminates the newly synthesized, mercury substituted RNA and pointed to the possibility that this contamination is due to a DNA-independent activity of the bacterial polymerase. We therefore studied whether a RNA-dependent polymerase activity could cause the effect.
2.
The RNA-dependent RNA polymerase activity It is known that bacterial DNA-dependent RNA polymerase can utilize a variety of synthetic polyribonucleotides as effective templates to synthesize their complementary polymers (30) (31) (32) (33) . Naturally occurring RNA also supports RNA synthesis by bacterial RNA polymerases, although to a lesser extent than DNA and synthetic ribopolymers (31, 32, (34) (35) (36) . Because of the possible implication of this RNA polymerase side reaction for chromatin transcription experiments, we asked whether E.coli RNA polymerase could synthesize complementary RNA using poly(A)-containing mRNA as a template.
The rate of UMP incorporation into acid precipitable material in the presence of eucaryotic mRNA and of double-stranded DNA was measured (B'ig.1). Whereas at 4 mM MgCl2 the DNA-dependent incorporation RNA was transcribed from oviduct chromatin in the presence of 30% Hg-CTP (except for Ib, where only CTP was used) and E.coli RNA polymerase, where indicated. In Ic 6 yg/ml rifampicin, in lie 50 ug/ml actinomycin D, in Ie 1.2 ug purified ovalbumin mRNA (mRNAOA) an( j i n na approximately 0.2 ug purified chicken globin mRNA (mRNAHb) wa s added to the incubation mixture, all other components were as indicated in Materials and Methods. Chromatin samples (500ygDNA ) were incubated at 37°C for 1 h in experiment I and for 30 min in experiment II, and the RNA isolated and chromatographed on SH-agarose columns as outlined in Materials and Methods. The total content of globin and ovalbumin specific sequences in the column flow-through and the bound RNA fraction was determined in cDNA excess hybridization reactions. rate is independent of the presence of Mn2+ ions, the RNA-dependent reaction has a clear dependency on the concentration of 3 H]CMP, respectively, were split into four parts. To two of the aliquots 20 yg of commercial poly(U) (Miles) was added. One sample with and one without poly-(U) was directly, without previous denaturation, adjusted to 1 ml 10 mM Mg-acetate, 0.5 M NaCl, 10 mM Tris-HCl, pH 7.5 (RNase A digestion buffer). The two other RNA samples were denatured by heating for 5 min to 100 C in 200 pi H2O and then immediately diluted and also adjusted to 1.0 ml RNase A digestion buffer. For the experiment in column 3 100 pg of [3H]Poly(U) (6 Ci/mMol) were incubated alone or together with 2 yg of globin mRNA in 1 ml RNase A digestion buffer and treated as described above. The degree of RNase A resistance was determined for all samples as described in Materials and Methods. (Table 3) . Hg-RNA samples isolated from such reactions were chromatographed on SH-agarose and the globin mRNA content was determined in the column retained RNA fraction. Globin mRNA sequences are readily found (approximately 2% of input mRNA). This effect was inhibited by rifampicin but not by actinomycin D (Table 3) . When the isolated transcripts were chromatographed after total heat denaturation, the amount of globin specific RNA was reduced approximately 30-fold (Table   4 ). These results demonstrate that the mercury substituted antimRNA sequences are responsible for the retention of globin mRNA on the SH-agarose column.
The experiment outlined in Table 4 was performed in order to establish whether in chromatin transcription experiments the Table 4 Effect RNA was transcribed from globin mRNA and isolated as outlined in Table 3 . Aliquots containing 50 pMol of UMP incorporated in total RNA and 23 6 ng of globin mRNA were rechromatographed on SH-agarose either non-denatured or after total denaturation as described in Materials and Methods. Oviduct chromatin was transcribed for 1 h (10 ml assay) in the presence of 30% Hg-CTP and 50 yg/ml actinomycin D where indicated. The RNA was isolated and chromatographed on SHagarose without denaturation. SH-agarose bound RNA samples were then divided into 3 aliquots and rechromatographed on SH-agarose either non-denatured or after total denaturation. To one aliquot 10 yg of commercial poly(A) was added prior to the denaturation step. Each aliquot In these earlier studies, however, it was not ruled out that the sequences which were measured as ii\ vitro synthesized were not preexisting molecules. By labeling newly synthesized RNA with mercurated nucleotides it was hoped that iji vitro RNA products could be separated from RNA endogenous to chromatin (12) (13) (14) (15) (16) . The results in this paper show that this method can cause serious misinterpretations of the specificity of RNA synthesis in vitro.
The difficulties arise mainly from an RNA-dependent RNA polymerase activity of the E.coli enzyme. Such an activity had been observed previously with the bacterial RNA polymerases on synthetic and natural RNA templates (30) (31) (32) (33) (34) (35) (36) .
In the analysis of this side reaction, two characteristics emerged which have the potential to complicate the interpretation of the iii vitro transcription of chromatin.
(1) E.coli RNA polymerase transcribes eucaryotic mRNA into complementary RNA which is not covalently bound to its template. The RNA product from chicken globin mRNA is derived mainly from 10% of the template sequence (Sippel, unpublished results).
(2) The raRNA-dependent polymerase activity leads to a preferential incorporation of UMP over CMP, very likely using the poly(A) moiety of the mRNA as a template for poly(U) synthesis. In a globin mRNA-dependent reaction approximately three times more UMP than CMP is incorporated (legend to Table 2 ).
The RNA directed iji vitro synthesized Hg-RNA sequences can retain endogenous chromatin RNA in form of complementary duplexes on the sulfhydryl agarose columns. About 80% of the bound ovalbumin RNA sequences are preexisting, chromatin-associated RNA since they can be eliminated by heat denaturation prior to the affinity chromatography (Table 4) . Zasloff and Felsenfeld (17) have made similar findings and have previously attributed the contamination to the RNA-dependent activity of the bacterial RNA polymerase.
We show that an additional 10% of the SH-agarose bound ovalburain RNA can be eliminated by heat denaturation in the presence of excess poly(A). The retention of these sequences is most probably due to rapid reannealing of endogenous poly(A)-containing ovalbumin RNA to poly(U)-containing Hg-RNA. Therefore, the retention of chromatin associated RNA might be increased when Hg-UTP instead of Hg-CTP is used as a polymerase substrate (12) (13) (14) (15) (16) (17) 41) . we therefore apply now a method which is independent of the separation of newly synthesized transcripts from preexisting RNA (45) .
It is obvious that the RNA-dependent polymerase activity will complicate transcription analysis not only when mercurated nucleotides are used. The finding that chromatin associated RNA can serve as a template for transcription by exogenous RNA polymerase sheds some doubt on the interpretation of experiments in which the number of initiation sites on chromatin and of experiments in which the degree of asymmetric transcription have been measured. It also suggests the use of double-stranded plasmid DNA containing eucaryotic gene DNA fragments for _in vitro transcription studies might be limited (46) .
